Genetic studies by Epstein, Edgar, and their colleagues1-3 with conditional lethal (amber and temperature-sensitive) mutants We have also examined four temperature-sensitive mutants of bacteriophage T5,7 kindly provided by Dr. Frank Lanni, for their ability to induce the T5 DNA polymerase.8 One of these was found to induce the synthesis of a DNA polymerase of significantly greater heat-lability than that induced by the wild-type phage. The cistron bearing this mutation would therefore appear to be the structural gene for the T5-induced DNA polymerase.
Extracts of T4 amber-infected cells of the restrictive host were made in the following way: cultures of E. coli B/5 (40 ml) were grown at 370 to a density of 5 X 108 cells/ml, and T4 bacteriophage was added at a multiplicity of 5. After 20 min the suspension was poured onto crushed ice. The infected cells were harvested at 00, washed once with cold 0.05 M Tris-Cl buffer, pH 7.5, containing 0.002 M glutathione and 0.002 M EDTA. The pellets were resuspended in 13 ml of the same buffer without ED)TA, and the cells were disrupted by sonic irradiation for 2 min with a Branson S75 sonifier. The cell debris was removed by centrifugation for 10 min at 9,000 X g. Extracts prepared in this way contained 0.7-0.9 mg protein/ml.
Stocks of temperature-sensitive T4 mutants were grown at 250 on E. coli B/5 at a multiplicity of infection of 0.1 for approximately 6 hr until heavy foaming indicated lysis. The lysates were chilled to 0°and cleared of debris by centrifugation for 10 min at 9,000 X g. In experiments in which the effect of temperature on enzyme formation was studied, E. coli B/5 was infected with phage at 370 at a multiplicity of 5. One half of the infected culture was immediately cooled to 25°and the remainder was kept at 37°. After 20 min the infected cells were chilled and extracts prepared as above.
Stocks of T5 were prepared in the following way: a culture of E. coli B (50 liters) was grown at 370 under forced aeration in a modified M-9 medium'0 to a cell density of 2 X 108/ml. T5 bacteriophage was added at a multiplicity of 1 and aeration was continued for about 3 hr until lysis occurred. The lysate was passed through a Beckman model 170 continuous-flow centrifuge first to remove the cell debris, and then to harvest the phage. The pellet was taken up in 0.02 M potassium phosphate buffer, pH 7.0, containing 0.15 M NaCl. Stocks of ts 53, the temperaturesensitive mutant, were made in the same way, except that E. coli F was used as the host and infection was carried out in 25-liter cultures at 300.
For the preparation of T5 phage-infected extracts, E. coli F was grown in MGM medium containing 10-3 M CaC1l21 with aeration to a cell density of 2 X 108/ml. T5 bacteriophage was added at a multiplicity of 4 and after 30 min at 300 or 430 the culture (200 ml) was poured onto crushed ice. The cells were harvested by centrifugation for 10 min at 7,000 X g, then resuspended in 2 ml of 0.05 M glycylglycine buffer, pH 7.0, containing 0.001 M glutathione. The suspension was stored at -150 for 1 day and the cells were disrupted by sonic irradiation for 1 min with a Mullard sonicator. Cell debris was removed by centrifugation for 10 min at 9,000 X g, yielding extracts that contained about 3 mg protein/ml.
Enzyme assays: Assay of T4 DNA polymerase was similar to that described by Aposhian and Kornberg,6 except that EDTA was omitted from the reaction mixture and 0.2 ,umole of KF was added together with an amount of antiserum to E. coli DNA polymerase which was sufficient to inactivate 80-90% of the polymerase activity present in the aliquots of uninfected extract used. The reaction was terminated after incubation for 30 min at the indicated temperature, and the acid-insoluble radioactivity was determined by the glass filter paper assay as described by Richardson et al.'3 Radioactivity was measured with a Packard Tricarb liquid scintillation spectrometer. One unit of enzyme is defined as the amount catalyzing the incorporation of 10 mumoles of p32_ labeled deoxynucleoside triphosphate into an acid-insoluble product in 30 min.
The assay for T5 DNA polymerase was similar to that described by Orr Single mutants representing genes in which X5 is defective were tested for their ability to induce the T4 DNA polymerase. Again the success of infection was monitored by assays of HMC-,3-glucosyl transferase activity. As shown in Table 2 , only am N101 (gene 43) of the mutants tested failed to induce the T4 polymerase.
Since mixed infection with an amber mutant and wild-type phage results in phage production,2 it is unlikely that the lack of T4 DNA polymerase activity is due to an inhibitor produced after infection by the mutant phage. Moreover, when extracts of am N81-and am N101-infected cells were mixed and the mixture assayed, the DNA polymerase activities were completely additive (0.41 unit observed as compared with an expected activity of 0.38 unit) indicating that extracts of am N101-infected cells do not contain an excess of a DNA polymerase inhibitor. nearly twofold greater than at 37°. To determine whether the greater heat-lability of the polymerase induced by T4 ts L91 was due to a change in the primary structure of the enzyme itself or to an indirect effect such as, for example, the induction of a heat-activated deoxyribonuclease, the DNA polymerase was partially purified (approximately 60-fold) from extracts of E. coli B infected with phage ts L91. 19 The Q370 (ratio of activity at 370 to that at 250) of the DNA polymerase activity in the partially purified enzyme preparation was found to be very similar to that observed in the crude extract. Moreover, Q37O remained essentially constant (approximately 0.5) through the three purification steps used in the procedure (Table 4) . On the other hand, a partially purified DNA polymerase preparation derived from E. coli B cells infected with phage T4 am N82 (gene 44) showed a Q370 of 2.8.
The more rapid denaturation at 370 of the partially purified ts L91 as compared with the am N82 DNA polymerase was observed by preincubating the two enzymes at 370 and then assaying the remaining activity at 250. As shown in Figure 1 , the ts L91-induced enzyme was inactivated at 370 at a significantly greater rate than the am N82 polymerase.
The partially purified preparations of ts L91 and am N82 DNA polymerase contained significant levels of the T4-induced oligonucleotide diesterase activity of the type found by Oleson and Koerner20 in T2-infected E. coli extracts (610 and 2475 units/mg protein, respectively, when assayed at 37°). As a further test of the possibility that this activity in some way might be related to the increased temperaturesensitivity of the ts L91 enzyme, both the ts L91 and the am N82 enzymes were assayed for oligonucleotide diesterase activity at 250 and at 37°. The Q370 values observed were identical (1.4). Temperature-sensitive mutants of T5: Extracts of E. coli F infected with four temperature-sensitive mutants of phage T5 (ts 34, ts 51, ts 52, and ts 53) were also examined for their phage-induced DNA polymerase activity. Of these, only the polymerase induced by T5 ts 53 appeared to be more heat-labile than the enzyme induced by the wild-type phage. As indicated in Table 5 , the temperature response of the ts 53 DNA polymerase was qualitatively similar to that induced by the ts L91 mutant of T4. That is, infection at either 300 or 430 resulted in the induction of a DNA polymerase whose activity, in contrast to the enzyme induced by the wild-type phage, was less when assayed at 430 than at 250.
The T5-induced DNA polymerase was purified approximately 60-fold from extracts of E. coli F infected at 300 with phage ts 53.21 The Q430 (ratio of activity at 430 to that at 250) of the partially purified ts 53 polymerase was 0.04 at 20 min compared with a value of 1.4 for the wild-type T5-induced enzyme (Fig. 2) . (370) on tivity of ts 53 and wild-type T5 DNA polymerthe enzymatic activity at 250 of partially puri-ases. A series of reaction mixtures was set up fied T4 am N82 DNA polymerase (DEAE-cell-with either the ts 53DNApolymerase orwith the ulose fraction") and T4 ts L91 DNA polymer-wild-type T5 DNA polymerase. The ts 53 DNA ase (DEAE-cellulose fraction"). The enzymes polymerase was the phosphocellulose fraction, *were diluted in 0.05 M TrisCl buffer, pH 7.5, specific activity 59; wild-type T5 DNA polymcontaining 0.12 M (NH4)2SO4 and 0.5 mg erase was an aged DEAE-cellulose fraction that crystalline bovine plasma albumin/ml, and incu-originally had a specific activity of 430, but bated at 37°. At the times indicated, samples whose activity had fallen to a value of 10. The were withdrawn and added to precooled as-tubes were incubated at 25°or 430 for the insay mixtures. After standing at 00 for 5 dicated times. dATP32 (4.2 X 106cpm/.umole) min, the assays were run at 250. Incubation incorporation into acid-insoluble material was was for 20 min. The labeled substrate was a-measured as described under Materials and labeled dATP32 (3.35 X 106 cpm/,Amole).
Methods.
The rapid inactivation of the ts 53 DNA polymerase at 430 appeared to be partially reversible. After preincubation of the enzyme at 430 for periods as long as 1 hr, subsequent assay of the enzyme at 250 indicated that approximately 70 per cent of the initial activity could still be recovered.
Discussion.-The observation that T4 am N101, with a mutation in gene 43, does not produce an active T4 DNA polymerase in E. coli B (the nonpermissive host) is compatible with the idea that gene 43 functions in the synthesis of this enzyme. Moreover, the isolation of the altered enzyme from cells infected with ts L91, which also bears a mutation in gene 43, and the demonstration of a heat-lability greater than that of the wild-type polymerase suggests that this gene is indeed the structural gene for the T4-induced polymerase. Similarly, the identification of a highly temperature-sensitive DNA polymerase induced by a temperature-sensitive mutant of phage T5 suggests that the gene bearing the mutation is the structural gene for the T5-induced DNA polymerase. Since a single-step mutation in phage T4 or T5 leads to defective DNA synthesis in vivo1' 24 and the only demonstrable enzymatic defect is that in DNA polymerase, the implication is clear that the DNA polymerase induced by phage infection and measured in vitro is, in part at least, responsible for synthesis of the phage DNA in vivo. Of interest in this regard is the additional implication that the host E. coli DNA polymerase, whose level remains unchanged during the course of infection,22 is incapable of catalyzing phage DNA synthesis.
The three groups of temperature-sensitive mutants of T4 observed deserve some comment. In the first group the enzymatic lesion is not detected by in vitro assays at 250 or 37°. The lesion, however, prevents phage development in vivo at 37°. It is not known why the in vitro assays do not detect it; assays at higher temperatures or at other pH's might do so. In the second group of mutants, a functional enzyme is not formed at 370 but once formed at 250 it is stable at 37°. Again the reason for this behavior is not known. One possibility is that there is a thermolabile step in the formation of the tertiary structure of the protein so that a functional protein is formed at 250 but not at 37°. However, once a functional protein has been synthesized, it might then be active at 37°. The third type of T4 mutant (ts L91) and the analogous T5 mutant (ts 53) produces an enzyme which is stable at 250 but not at 370 or 430, relative to the wild type. The finding that active enzyme is produced after infection at 250, 370, and 430 may be due in part to the reversibility of the inactivation noted, particularly with the polymerase induced by the temperature-sensitive mutant of phage T5. Summary.-(1) T4 amber mutants known to be defective in DNA synthesis were screened for their ability to induce the T4 DNA polymerase. Of the mutants examined, only those which are associated with gene 43 were found to be defective in the synthesis of this enzyme. (2) A polymerase with greater heat-lability than that induced by wild-type T4 was partially purified from cells of E. coli which had been inf.ected with a temperature-sensitive mutant, ts L91, known to map in gene 43. (3) A DNA polymerase, which was relatively more heat-labile than the enzyme induced by the wild-type phage, was also purified from cells of E. coli infected with a temperature-sensitive mutant (ts 53) of T5.
These findings indicate that gene 43 represents the structural gene for the T4 DNA polymerase and that the gene in which mutant ts 53 is defective is the structural gene for the T5 DNA polymerase. They also imply that the DNA polymerases induced upon infection with phages T4 and T5 and measured in vitro are, in part at least, responsible for the synthesis of phage DNA in vivo.
